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Low Temperature Toughness of 6% Mn Steels

Masato MURAKAMI, Koji SHIBATA and Toshio FujiTA

Synopsis :

Fe~Mn alloys have similar microstructure to Fe—Ni alloys in iron rich region, therefore they have promising
potential as structural materials at cryogenic temperatures. Fe-Mn alloys, however, lose their toughness
by catastrophic intergranular failure when tested at low temperatures. This is attributed to the segregation
of impurities to grain boundaries. The segregation can take place at higher temperatures than 600°C,

in both austenite(y) and two phase(a-+7) region.

An addition of molybdenum has been found to be effective in reducing the segregation of phosphorus
in the two phase region and enhances toughness. However, no perceivable difference was observed in the

segregation in the 7 field.

Double temper has been also identified as a beneficial treatment for improving toughness, which promoted
the reversion of austenite along grain boundaries and reduced the susceptibility to intergranular failure.

As a result it was shown that fairly good toughness could be achieved in Fe-6Mn-0.2Mo-0.05C alloy
with QLT(800°C/1h/W.Q./700°C/1h/W.Q)./600°C/1h.W.(Q).) treatment.
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Table 1. Chemical compositions of alloys (in wt%,).

C Si Mn P S Mo Al N O
6M1 0. 056 0.10 6. 18 0. 002 0. 005 0.01 0. 030 0. 0025 0. 0018
6M2 0, 052 0.10 6. 21 0. 002 0. 006 0.23 0.033 0.0073 0. 0029
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Photo. 1. Microstructure of Fe-6Mn-0.05C alloy
austenitized at 800°C for 1h followed by water
quenching: a) transmission electron micrograph
(at X 10000); b) optical micrograph (at X 500).

Table 2. Typical mechanical properties of Fe-
6Mn-~0.05C and Fe-6Mn-0.2Mo-0.05C alloys
in the as-quenched condition.

Test 0.2 pct Ultimate ) Charpy
Alloys  temp offset tensile Efongation impact
<) © strength strength (pct) energy
(kgf/mm?)  (kgf/mm?) (kgf-m)
6M1 20 101. 2 119.8 12.2 7.8
—196 133.8 149.0 9.0 0.0
6M2 20 100.0 117.6 12.8 8.2
—196 132.0 149.8 9.0 0.1

Photo. 2. Scanning electron fractograph of Fe-6
Mn-0.05C alloy in the asquenched condition.
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Fig. 1. Auger electron spectra obtained from (a)
the fresh fracture surface and (b) the sputtered
surface of 6M1 (Fe-6Mn-0.05C); and (c) the
fresh fracture surface of 6M2 (Fe-6Mn-0.2Mo-~
0.050).

Photo. 3. Scanning electron micrograph of mi-
crostructure for Fe-6Mn-0.05C alloy (800°Cx 1h
/water quench) revealed by a special etchant which
preferentially attacks P-enriched boundaries.
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Fig. 2. Charpy impact energies of Fe-6Mn-
0.05C alloy.
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Photo. 4. Scanning electron fractographs for Fe-6Mn-0.05C alloys reheated
at: a) 550°C; b) 600°C; c) 650°C; d) 700°C.
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Photo. 5. Scanning electron micrograph of mi-
crostructure for Fe-6Mn-0.05C alloy (800°C X lh
water quench/650°C X lh/water quench) revealed
by the special reagent to preferentially attack P-
containing boundaries.
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Fig. 3. Charpy impact energies(— 196°C), hard-

ness, and amount of retained austenite (— 196°C)

for the samples 6M1 and 6M2 as a function of

reheating temperature.
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Fig. 4. Chapry impact energies of Fe-6Mn-0.2
Mo-0.05C alloy as a function of reheating tem-
perature. Effect of L temperature is shown.
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Photo. 6. Scanning electron fractograph for Fe-
6Mn-0.2Mo-0.05C alloy in the QLT condition.
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